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Infections: Analysis of 
Trends in Prevalence 
and Epidemiology
To the Editor: Multidrug-resistant
(MDR)  Pseudomonas aeruginosa
bloodstream infection has been
described only in patients with cystic
fibrosis (1) and in isolated outbreaks
in intensive-care unit (ICU) or neo-
plastic patients (2-4). We investigated
the percentage and clinical findings of
patients with P. aeruginosa bacteremia
having MDR strains in a 1,700-bed
university hospital in Rome, Italy,
over a 10-year period (1990-1999).
All consecutive patients with the
first episode of community- or hospi-
tal-acquired P. aeruginosa bacteremia,
according to the definition of the Cen-
ters for Disease Control and Preven-
tion (5), were included in the analysis.
The term MDR P. aeruginosa covered
resistance to ciprofloxacin, ceftazi-
dime, imipenem, gentamicin, and pip-
eracillin. In patients with P.
aeruginosa bacteremia, we evaluated
age, gender, type of infection (hospital
or community acquired), duration of
hospitalization, risk factors, clinical
findings, and outcome. Prognosis
immediately before bacteremia devel-
oped was determined with the revised
Acute Physiology and Chronic Health
Evaluation (APACHE) III system (6). 
Bacteria were identified by using
API 20NE (Biomerieux, Marcy-
l’Etoile, France). MICs were deter-
mined by broth microdilution in
accordance with the methods of the
National Committee for Clinical Lab-
oratory Standards.  Contingency data
were analyzed by the two-tailed chi-
square test or Fisher’s exact test, and
continuous data were analyzed by Stu-
dent t test. Logistic regression analysis
was used to determine which risk fac-
tors were independently significant.
All statistical analysis was performed
with the software program Statistics
(Windows Systat Inc., Evanston, IL).
In the study period, P. aeruginosa
was isolated from 358 of 379,190 hos-
pitalized patients. Among 358 patients
with  P. aeruginosa bacteremia, 133
(37%) were hospitalized in medical
wards, 103 (29%) in ICUs, 97 (27%)
in surgical wards, and 25 (7%) in neo-
natology; 45 (12%) had HIV infection
and 28 (8%) had hematologic malig-
nancies. 
For the study period, the overall
hospital incidence of both nosocomial
and community-acquired P. aerugi-
nosa bacteremia was 0.94 per 1,000
hospital admissions. In particular, the
incidence increased from 9.7 to 24.7
per 1,000 hospital admissions (p
<0.01; chi square for trend) in ICUs.
In HIV-infected patients, the incidence
increased from 1.5 to 12.4 per 1,000
hospital admissions until 1996 when,
after highly active antiretroviral ther-
apy was introduced, it decreased to 0.7
(p = 0.01, chi square for trend).
The first case of MDR P. aerugi-
nosa strain was isolated in the hemato-
logic unit in 1992. After that, the
hospital prevalence of MDR strains
increased significantly (p=0.03) from
8% (3/37) in 1993 to 17% (9/54) in
1999. Overall, we observed 51 (14%
of 358) cases of MDR P. aeruginosa
bloodstream infections; 49 (96%)
were nosocomial. The prevalence of
MDR among the total P. aeruginosa
bacteremia cases per ward was as fol-
lows: medical wards 1 (2%) of 60
(95% confidence intervals [CI] = 0.05-
10); surgical wards 7 (7%) of 97 (95%
CI = 3-15); hematologic ward 3 (11%)
of 28 (95% CI = 2-28); ICUs 22 (21%)
of 103 (95% CI = 13-31); and infec-
tious diseases ward (in HIV-infected
patients only) 18 (40%) of 45 (95% CI
= 26-54). 
The mean age ± standard deviation
of patients with MDR P. aeruginosa
infections was 52±12 years (range 29
to 77); 35 patients (69%) were men,
and 9 (18%) were active intravenous
drug abusers. The mean Apache III
score at diagnosis of bacteremia was
41±17 (95% CI = 39-56). The mean
concentration of circulating polymor-
phonuclear cells was 2,974±2,790/
mm3 (95% CI = 2,181-3,796). In HIV-
infected patients, the mean number of
peripheral CD4+ cells was 71±104 /
mm3 (95% CI = 35-106). Advanced
age (odds ratio [OR] = 1.07; 95% CI =
1.04-1.10, p<0.01), HIV infection (OR
= 3.94; 95% CI = 1.10-14.11, p=0.03),
intravenous drug abuse (OR=13.15;
95% CI=1.65-104.5; p=0.01), and pre-
vious therapy with quinolones
(OR=3.21; 95% CI=2.14-23.33; p =
0.001) were independent risk factors
on logistic regression analysis.
The overall mortality rate of
patients with P. aeruginosa bacteremia
was 31%; death rates were higher
among patients with higher APACHE
III score (mean 39 versus 27; p=0.01)
and MDR P. aeruginosa infections
(67% versus 23%; OR=15.13; 95%
CI=1.90-323.13; p=0.001). 
This prospective surveillance of P.
aeruginosa bloodstream infections
clearly indicates, for the first time, that
multidrug resistance is statistically
associated with HIV infection, as
already observed for cystic fibrosis
(1). We also identified a significant
correlation between MDR P. aerugi-
nosa bacteremia and intravenous drug
abuse, advanced age, and previous
quinolone use.
The association between isolation
of MDR strains, HIV infection, and
intravenous drug abuse (the most
important HIV risk factor in Italy) is
not an unexpected result. We have
already demonstrated that hospitalized
HIV-infected patients are at increased
risk of acquiring nosocomial blood-
stream infections compared with other
immunocompromised hosts (7). Age
is a well-known predisposing factor
for bacterial infections. In particular,
older HIV-infected patients progress
more rapidly to AIDS (8).
Resistance following treatment
with a single antimicrobial agent may
be due in some circumstances to syn-
ergy between enhanced production of
beta-lactamases and diminished outer
membrane permeability (9). More
emphasis is now given, however, to the
energy-dependent efflux of antibiotics
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pump facilitates resistance to quinolo-
nes, beta-lactams, tetracycline, and
chloramphenicol among the drug
efflux (9). The recent characterization
of a carbapenem-hydrolyzing metallo-
beta-lactamase from P. aeruginosa
opens new possibilities for reducing
the spread of resistant strains (10).
One limitation of our study is the
absence of genotypic analysis of MDR
strains. However, we are confident
that a general outbreak of MDR P.
aeruginosa did not occur in our hospi-
tal. Nevertheless, limited outbreaks
involving few patients in different
wards remain a possibility.  In sum-
mary, the observation that 14% of P.
aeruginosa bloodstream infections are
multidrug resistant is worrisome and
reflects the growing worldwide prob-
lem of antimicrobial resistance. In par-
ticular, the fact that HIV-infected
patients are at increased risk, as are
persons with cystic fibrosis, suggests
the need for ongoing worldwide sur-
veillance of P. aeruginosa in immuno-
compromised patients. 
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The National Center for Infectious Diseases, Centers for Dis-
ease Control and Prevention, has scheduled the Third Interna-
tional Conference on Emerging Infectious Diseases for March 24-
27, 2002, at the Hyatt Regency Hotel, Atlanta, Georgia, USA.
More than 2,500 participants are expected, representing many
nations and disciplines. They will discuss the latest information
on many aspects of new and reemerging pathogens, such as West
Nile virus and issues concerning bioterrorism.
Conference information is available
at http://www.cdc.gov/iceid
Contact person is Charles Schable, cas1@cdc.gov